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The Hall in Which the Porcelain A rticles Are Shaped. 

The Manufacture of Porcelain Insulators 

Testing the Products for Leakage at High Tension 

PORCELAIN consists mainly of a mixture of kaolin, 
quartz, and felspar, in proportions variable to a high 
extent in accordance with the purpose it is intended for. 
For electrical applications hard porcelain, consisting of a 
kaolin core immersed in felspar and quartz paste, is used 
exclusively. This composition, which is burnt at a very 
high temperature, gives a very high mechanical and elec
trical resistance, as required in electrical insulators. 

After being crushed and ground, the quartz and felspar 
are thrown into troughs filled with water and fitted with 

Appearance Presented by an Insulator During a High

tension Test. 

By Dr. Alfred Gradenwitz 

mechanically operated stirring devices, and are there 
mixed with kaolin previously freed from impurities. The 

liquid paste thus formed passes through fine copper wire 

A 50-kilowatt Transformer-250 to 250,000 Volts-oil 

the Testing Floor. 

Some Samples of Insulators and Other Porcelain Articles for Electrical Purposes. 
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sifc!ves, whereby it is freed from coarse partJ.des, and 
thence under electro·magnets, which arrest any par
ticles of iron oxid, and finally into tanks, from which it is 
pumped to filter-presses submitting the pasto to press
ures of 8 to 10 atmospheres and thus eliminating the 
excess of water. 

The paste is taken out of the presses in the form of 
plastic cakes, which are conveyed to kneading machines 
in which rotating cylinders work the paste so as to expel 
air bubbles and form homogeneous blocks. Thus pre-

Testing a Wetted Insulator at 130,000 Volts. 

pared, the paste is ready for the manufacture of porce

lain insulators. The blocks are first cut into lumps of 
convenient size, and are submitted to a preliminary shap
ing on a vertical lathe on which the inner hollow of the 
insulator is turned out. 

After this preliminary shaping thfc! lumps are dried by 
heat and are handed over to workmen whose task is to 
shape the outer surface of the insulator. For this pur
pose horizontal lathes are used. At the same time the 
screw thread is put on. 

In the case of insulators of smaller resistance, the 
shaping is effected by a cheaper casting process. For 
this purpose a pulverized paste slightly moistened with 
oil is compressed in steel matrices of a shape correspond
ling to that of the insulator. 

After drying, the insulators thus shaped are burnt at a 
high temperature in special furnaces and are enameled in 
incandesClent furnaces. This process of manufacture 
warrants a high mechanical strength and electrical resist
ance. 

Insulators destined for use in power transmission over
head lines have to fulfill many special conditions (me
chanical, electrical, etc.). In the first place they must 
be of a high mechanical strength, which not only depends 
on the composition of the porcelain used, but on the 
external shape of the insulator. As porcelain is remark-
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Mechanical Molding of�, I nsulators 

ably resistant to compression, while comparatively 
ruptured by tension, insulators should be given a shape 
such as to eliminate as far as possible interior or exterior 
strain; they should likewise be resistant to the breaking 
effect of accidental external causes, such as the impact of 
falling branches, stones, etc. 

As regards its electrical properties, an insulator should 
have no appreciable internal or surface conductivity. It 
should be of considerable disruptive strength and of a 
shape such as to be protected against any discharges 
occurring between its edges and the metallic support. 
Moreover, even for high tension work, insulators should 
be of as small weight and dimensions as compatible with 
other requirements, and should at the same time be 
rAadily fitted and cleaned. Finally, they should be suf
ficiently resistant to the action of acids, atmospheric dis
charges, and variations in temperatures. 

In view of these varied conditions to be fulfilled, most 
insulator manufacturers ha ve installed special testing and 
research laboratories, the equipment of which is being 
improved continually. 

The testing laboratory of a Belgian manufacturing 
firm which has furnished some of the data for this article 
formerly comprised a 10 K. V. A. 220/ 1 10,000 volt trans
former which, however, eventually proved insufficient 
for high tension work, especially for testing the insulators 
of high tension power transmission lines. The managers 
therefore decided on installing a new testing laboratory, 
the equipment of which, as supplied by the Ateli�rs de 
Construction Electriques, of Charleroi, mainly comprises 
a statical transformer with it� tension regulator and test
ing troughs. 

The single-phase transformer is designed for a normal 
permanent output of 50 K. V. A. at 250 volts primary and 
250,000 volts �econdary tension and 40 cycles per second. 
A special point was made of insuring a constant ratio of 
transformation with any loads, absolute safety in work
ing, and prolonged loading without any material heating. 

The magnetic circuit of the transformer consists of two 

cores and two yokes of soft iron sheets. The primary 
winding consists of two coils (one to each core), which 
only comprise one layer of turns wound on an insulating 
tubular armature. The secondary comprises a set of 

The Use of High-Pressure Gas in Works 
AT a recent meeting of the Institution of Gas Engi

neers ( England) , Mr. A. W. Onslow read a paper on 

"'the Use of High-pressure Gas for Manufacturing Pur

poses," an abstract of which is reproduced here from 

Bnyinee,·iny. 
The author, after considering the various methods of 

using high-pressure gas, concludes that the best results 

are to be obtained by maintaining the gas at constant 

pressure, and drawing in air under atmospheric condi

tions. If the pressure be kept steady, any heating 

furnace, for instance, can be calibrated, and desired 

conditions can be attained with certainty after allow

ing the lapse of a known interval of time. Working at 

some definite pressure, it appears that a curve of 

furnace temperature plotted against time will always 

give a substantially straight line till the point of con

stant temperature be reached corresponding to that 

IHessure. If the pressure be raised, the temperature 

will continue to rise with the time until the new con

stant temperature point be reached. It should thus be 

possible to tabulate conditions for any heating furnace, 

and, instead of having to exercise a great deal of super

vision over operations, a works manager should be able 

to give instructions as to the gas pressure to be used 

and the time to be allowed to elapse for the furnace to 

heat up before it is put to use. 

Mr. Onslow is of opinion that with gas at 50 cents 

per 1,000 and coal at $5 per ton there is little to choose 

A Chain of Insulators Under Test at 230,000 Volts. 

between gas and coal firing as regards cost. As regards 

cleanliness, uniformity, etc., the advantages are, how

ever, in favor of gas, and in many cases with properly

designed furnaces it is greatly superior to coal, not 

only from the point of view of cost, but, of course, from 

such aspects as convenience and ease of manipulation. 

A properly-designed gas furnace will enable the time 

of preparation from the cold to be greatly shortened. 

The saving in cost is naturally largely dependent 

upon the effectiveness of the furnace itself. It is desir

able that the furnace should be of a size suited to the 

work to be done by it. It is wasteful to use a large 

furnace for small work, and rather than to do so it is 

more economical to erect a small temporary furnace 

of bricks and fireclay and lagging. For heating bars 

and such work, temporary furnaces may thus be 

quickly put up, and if the work changes they can be 

readily and cheaply altered to suit. Generally it seems 

to be advantageous for the combustion space, into 

which the gas flame plays, to be comparatively small. 

Thus the space surrounding a type-metal melting pot 

should not have a greater width than 1 inch for pots 

up to 1 ton and heated by three or four burners. The 

introduction of tiles of refractory material as batHes 

often increases the effectiveness of the heating process 

by raising the temperature and giving a better distribu

tion. Mr. Onslow instances the case of an iron boxed

in hot-plate in which such tiles were substituted for 

sheet-iron batHes. The box was 6 inches deep, and four 
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Shaping the Outer Surface. 

series-connected coils concentric with the primary coil on 
each core; these coils are separated from one another by 

varnis"ed card-board tubes. • 

The insulating tubes which separate the primary and 
secondary windings as well as those of the terminals 
have a very high dielectric constant and great mechani
cal strength. They consist of four parts, viz . , an outside 
cover to which the bronze ring for fixing the terminals is 

attached, a fluted tube traversed by the insulating tube 
and two high tension tubular insulators having two 
superposed sleeves. By connecting the two secondary 
windings in series or in parallel, a tension of either 250,-
000 or 125,000 volts between terminals is obtained. 

The tension regulator consists of a metallic rheostat 
Inserted into the primary circuit; it comprises two sec
tions each of which can be connected up gradually in 
series with each division of the other. 

In order to prevent any access to the testing troughs 
while under tension, the laboratory has been sub-divided 

into three compartments. Each of the two outer com
partments contains a testing trough, the trausformer be

ing installed in the middle compartment, which is partly 
closed in front by a switchboard comprising three white 

marble panels. These compa,rtments are closed by doors 
carrying interrupters connected up to an automatic 
switch. On opening such a door, supposing the corres
ponding compartment to be under tension, the zero ten
sion circuit of the switch is thus interrupted, which re
sults in the switch being released and the bus bars being 
thrown out of tension. 

The testing voltage is measured by means of five volt
meters connected up to the circuit which allow the volt
age to be determined most accurately throughout the 
range of 0 to 250,000 volts. Our last illustration shows a 
test on a chain of insulators carried out at the testing 
laboratory. This chain, comprising ten links, was found 
to stand when dry a testing tension of 230,000 volts with-
out any sparking. . 

The first and third engravings show high-tension tests 
made on porcelain inslliators in a dry and moist condition 
respectively. They strikingly illustrate the abundant 
production of brush discharges around any parts sub
mitted to very high tension. 

burners were provided. With the metal batHes over 

the burners the temperature on the plate was 110 deg. 

Fahr., and at the bottom of the box was 65 deg. Fahr. 

After the introduction of the tile batHes, the tempera

ture on the plate was 200 deg. Fahr., and at the bottom 

of the box was 165 deg. Fahr. 'rhe introduction of fire

bricks laid flat on the bottom of the box so improved 

the furnace that two of the four burners became un

necessary for a great part of the day. 

A satisfactory arrangement seems to be to have a 

shop supplied with gas at 200-inch pressure, to be re

duced at the various furnaces, etc., by means of gov

ernors or va Ives, to the predetermined pressure corre

sponding with the temperature it is desired to main

tain in each furnace. Pressures suitable for typical 

work are as follows: For melting tin or solder a pres

sure of 65 inches is found satisfactory. For small 

furnaces for hardening, etc., the same pressure may 

be used. For bluing steel from 65 inches to 80 inches 

may be adopted, the flames playing horizontally under 

the lime-tray set in a brick frame. For the lead-pot 

for tempering steel the pressure should be 150 inches, 

while for melting metals at from 2,000 deg. to 2,600 

deg. Fahr. it should be 200 inches. Soldering irons may 

be heated with gas at 65 inches, two burners, consum

ing 6 feet of gas per hour, and playing direct on to 

the irons, being sufficient to keep a workman going 

without delays. For lighting, gas at 65 inches may be 

used. 
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